We examine US stock index return and volatility spillovers on the mean and volatility of stock index returns of 21 Frontier markets. We entertain potential time-variation in spillovers in mean returns by considering a time-varying parameter (TVP) model. Spillovers in volatility are modeled by augmenting a standard GARCH(1,1) model with current and one-period lagged US conditional volatility eects. The resulting model can be cast in state space form. However, it is not timeinvariant as the 'coecient' multiplying the state variable (the TVP parameter) is current period US returns. The model is estimated by the Kalman Filter. Our TVP model detects statistically signicant time-variation in return spillovers and statistically and quantitatively important volatility spillovers for most Frontier markets. Several important hypotheses of interest are tested using a variety of restricted versions of the general model. Perhaps not surprisingly, Frontier countries are characterized as neither completely segmented nor completely integrated. An important contribution of the paper is a detailed analysis of the relative contributions from US and own-country lagged eects on both the mean and volatility of returns in Frontier countries. Our results indicate possible orthogonality in the contribution of current US and lagged own-country returns on Frontier countries mean returns.
INTRODUCTION
The impact of a change in returns of one nancial market on the returns of nancial markets abroad (called return spillovers) depends on the nancial openness of the foreign countries, as well as the nature of cross-country economic and nancial linkages. As a result of such linkages, news released in one country may aect not only local market returns, but the returns of foreign markets as well. The newly arrived information may be reected either instantly in the foreign market returns, or with a lag, depending on informational asymmetries, market liquidity, and other local market factors. The more nancially open a stock market is, the more synchronized its returns are with the returns of foreign markets, and the greater the scope for return spillovers.
Conventional econometric models often assume a stable relationship between dependent and independent variables, embodied in xed parameters. In the context of return spillovers, this assumption asserts constant sensitivity of local market returns to changes in returns of other stock markets. However, in a dynamically changing economic environment, such an assumption may not be realistic. For example, markets under study may be undergoing structural changes during the period of interest, or they may be experiencing macroeconomic reforms. Such an assumption could be particularly inappropriate when Frontier markets are in consideration, since as those markets evolve and mature, sensitivity of local returns to shocks coming from abroad may be evolving as well. Furthermore, the parameter stability assumption may not fully utilize all information embodied in the sequential nature of market returns and thus may not fully account for the dynamic evolution of the economic system. As a result, the estimated time-invariant sensitivity will be hardly useful in deriving any inferences or for any forward projections (Wells 1996) .
Time-variation in return spillovers aect opportunities for international portfolio diversication and thus are of considerable interest for rational international investors. Hedging strategies depend on shocks to stock markets being relatively isolated, but if shocks travel quickly across international borders, the benets of diversication may be undermined. Considering time-variable spillovers allows investors to better assess the speed and magnitude of shock transmission, and thus better utilize all available information. This may improve nancial series forecasting, cost of capital calculation, and asset allocation. Knowledge about the evolution of spillovers could provide Frontier market policy makers with improved and more up-to-date information about the state of the economy, as well as about the nature and origin of any unrest in the local markets. It could enable them to better predict and assess the eects of shocks originating abroad, and thus facilitate adoption of more appropriate and better-timed monetary and scal policy decisions. Investigation of time-varying cross-market linkages may also be of interest to academics seeking to shed more light on the evolution of local economies and nancial markets. It would enhance evaluation of the impact of local and global shocks on international nancial markets, as well as improve understanding of shock transmission mechanisms. The scale of nancial spillovers may provide important insights about the propagation of information across countries and enhance awareness of market co-movements.
In this study we investigate potential time-variability in the impact of US stock market returns on the returns of twenty-one Frontier markets during the period between December 1st, 2005 and January 15th, 2010. In addition to possible time-varying return spillovers, we also investigate the impact of the conditional volatility of US returns on the conditional volatilities of the Frontier markets (referred to as returns volatility spillovers). In our analysis, we only consider time-invariant volatility spillovers. Nonetheless, the transmission of volatility is an important subject of consideration. With volatility being a proxy for stock market uncertainty, volatility spillovers are the primary process by which nancial unrest is transmitted internationally. Understanding volatility spillovers thus becomes important for international portfolio diversication and hedging strategies.
To investigate time-varying returns spillovers, we set up a a time-varying parameter (TVP) model. Spillover eects in volatility are modeled by augmenting a standard GARCH(1,1) model with volatility eects stemming from current period and one-period lagged US conditional volatility. The model can be cast into a state space form. However, it is not time-invariant as the 'coecient' multiplying the state variable (the TVP parameter) is current period US returns. The model is estimated by the Kalman Filter. Several restricted versions of the general model are also estimated with Frontier country returns. Statistical tests on constancy of the mean spillovers parameter (i.e. a test for constant parameter), tests for no spillover eects in mean returns and/or volatility, as well as other hypotheses of interest are performed. Relative contributions from the US and own-country lagged eects on both mean and volatility of Frontier countries' returns are explored.
The rest of the paper is organized as follows. Section 2 reviews relevant literature on TVP models that have been used to study nancial market spillovers. Section 3 presents the data, the main empirical TVP model and estimation results. Section 4 considers some important hypotheses of interest, and reports statistical inferences that can be drawn on these hypotheses from the data. Section 5 provides a discussion of the results obtained. Section 6 oers concluding remarks and prospects for future research.
LITERATURE REVIEW
Time-variation in nancial spillovers has long been recognized in international nance literature. Two approaches are commonly adopted to address non-constancy in parameters. The rst approach is to divide the sample into turbulent and calm periods. To determine turbulent and non-turbulent periods, Dungey et al. (2002) suggest using post-sample rationalizations, Kaminsky (1999) uses news release data in studying the Asian crisis, and Aggarwal et al. (1999) divide their sample based on local and global events in studying the volatility of emerging markets.
The second approach is to use the sample data itself to distinguish turbulent from calm periods. Bialkowski et al. (2006) use a Markov switching framework to distinguish between turbulent and non-turbulent periods in studying spillovers among mature markets. Gebka and Serwa (2006) dierentiate between calm and and turbulent periods using a threshold VAR in exploring spillovers between US and eight South-East Asian countries. Beirne et al. (2008) use dummy variables to capture parameter shifts when examining spillovers from mature to emerging markets. Diebold and Yilmaz (2009) incorporate parameter variability using rolling-sample regressions.
Although the literature cited above admits that spillover parameters are variable over time, it addresses this variability by distinguishing only between turbulent and calm periods. There is nothing, however, to guarantee that the spillovers are constant within either period. It could be that in turbulent times, as nancial institutions re-balance portfolios, the liabilities of economies grow, and their exposure to cross-border shocks increases exponentially. It could be that the economies, as well as the nancial institutions, evolve over time. It could be that major structural, political, and macroeconomic reforms are taking place on an ongoing basis. Or, it could be that the place of the country on the international trade scene is evolving over time.
In order to incorporate potential time-varying spillovers eects from such causes, we explore time-variability of return spillovers using time-varying parameter (TVP) models. These models can be cast in state space form and, hence, are amenable to estimation using the Kalman lter. The Kalman lter facilitates examination of return spillovers regardless of the state of the economy (whether turbulent or not). The picture of international return spillovers the lter portrays is more detailed and comprehensive, as the technique allows spillover parameters to be updated every period using all information available at the time. The incorporation of GARCH-like model of errors allows us to account for heteroscedasticity inherent in nancial series, as well as to investigate volatility spillovers within the context of the TVP model.
The Kalman Filter has been used in an international setting to investigate evolving market eciency and integration. For instance, Zalewska-Mitura and Hall (1999) use it in combination with GARCH errors to investigate eciency of the Hungarian stock market. Rockinger and Urga (2001) use a similar model to investigate market eciency of the Czech, Polish, Hungarian, and Russian stock markets. Brooks et al. (2002) compare the performance of GARCH and Kalman lter models in investigating time-varying country risk. Jochum (1998) uses it in combination with bivariate GARCH-M errors to investigate the behavior of the risk premium on the Swiss stock market. Choudhry and Wu (2009) nd the Kalman lter to be overwhelmingly superior in forecasting weekly stock returns of twenty UK rms compared to GARCH models. Further review of applications of the Kalman lter in economics can be found in Pasricha (2006) and Bouye (2009).
EMPIRICAL MODELS OF MARKET RETURNS
We begin by discussing the data set used in section 3.1. The subsequent two sections 3.2 and 3.3 set up empirical TVP models for US and Frontier market returns, respectively. Estimation issues are discussed briey in section 3.4. Empirical results are presented in section 3.5.
Data
To explore evolution of nancial spillovers from the US, we use daily closing prices of the MSCI Barra Index for the United States and twenty-one Frontier markets. Our sample spans the period from December 1st, 2005 to January 15th, 2010 and contains 1077 observed closing prices.
We obtain percentage annualized returns for each country K as a log dierence in daily closing prices:
where P K t stands for closing price of each country's index at day t and 252 represents the average number of trading days in a calendar year.
Daily returns have been chosen for our investigation to better account for stock market dynamics. Market eciency would suggest that news is quickly and eciently incorporated into stock prices (Fama 1998) . Therefore, while information generated yesterday may be signicant in explaining prices today, it is less likely that information generated last week would have much impact today. Furthermore, changes in rates of return are news-driven. Announcements such as declarations of war, prot forecasts and changes in interest rates are factors that aect market sentiment and drive equity prices in the short run. Using daily stock data permits an analysis of how investor sentiment can be transmitted from one market to another.
The following Frontier markets are included in our sample: Argentina, Bahrain, Bulgaria, Croatia, Estonia, Jordan, Kazakhstan, Kenya, Kuwait, Lebanon, Mauritius, Nigeria, Oman, Pakistan, Qatar, Romania, Saudi Arabia, Slovenia, Sri Lanka, Tunisia, and United Arab Emirates. The markets and length of the sample have been chosen such that the longest time series are attainable for the greatest number of countries. Lithuania, Serbia, Ukraine, Bangladesh, Trinidad and Tobago, Jamaica, Botswana and Ghana are also classied as Frontier markets by the World Bank, but they are not analyzed in this study due to lack of a suciently long sample series. Since MSCI indexes are designed consistently across countries, they oer an adequate platform for investigation of cross-market spillovers. The MSCI indexes are value-weighted and compounded with dividends reinvested. To avoid double counting, stock prices of companies set up abroad are not included. All indexes are in US dollars, providing additional comparability across markets and implicitly taking care of currency market eects.
Model of US Market Returns
We begin with an investigation of US market returns. Our most general Model 1 describing US returns incorporates time-varying impact of one-period lagged US returns. It is specied as follows: Harvey (1989) and Hamilton (1994) . u US t is the unexplained portion of US returns and H US t its conditional variance, a proxy for US nancial market uncertainty. Eq. (3) is a standard GARCH(1,1) model for the conditional variance of the observation equation error u US t . The GARCH parameters b 1 and b 2 capture the impact of previous period US conditional volatility (uncertainty) and unexpected news about mean returns on current volatility, respectively. In what follows, we estimate the above model as well as several restricted versions of it using US returns data.
Model of Frontier Market Returns
Model 1 for Frontier country market returns is specied as follows:
R K t is index returns of Frontier country K, and θ K its unconditional mean. The eect of contemporaneous US returns on Frontier country mean returns is captured by the parameter a US t . It accounts for time-varying spillovers in mean returns from the US to the Frontier country. The impact of one-period lagged own-country returns is captured by the parameter a K , assumed to be xed rather than time-varying for simplicity. This does not interfere with our main object of study here, which is an investigation of time-variation in return spillovers from US to Frontier markets. The volatility specication in eq. (6) is a standard GARCH(1,1) model, augmented with current and past US volatility terms. Accordingly, the parameters b 3 and b 4 represent volatility spillovers from US to the individual country. The conditional variance of the unexplained portion of Frontier market returns H K t is a proxy for local market uncertainty. In earlier analysis, for sixteen of the twenty-one Frontier markets, Bidarkota and Todorov (2010) determine the best-tting model to incorporate only current period US returns in Eq. (5). For Bahrain, Kuwait, Oman, and Tunisia, they determine the best-tting model to include not only current, but also one-period lagged, US returns. For Kenya, they determine the best-tting model to incorporate 2-period own country lagged returns as well. For simplicity, we omit lagged US returns as well as 2-period own country lagged returns. Accordingly, we estimate Eq. (5) for all countries in our sample.
It is interesting to note that most Frontier markets open ve or more hours before the US market opens, with the exception being Argentina (opening one hour ahead). One important implication is that return spillovers may not reect the impact of actual realized US returns, but expected US returns. Any announcements made in the US after closing of the stock exchanges on day 1, and before opening on day 2, are reected in the US market on day 2. Throughout the trading day on day 2 on local Frontier markets, investors observe those announcements, and incorporate them in their asset valuations immediately. To better describe such a situation, we could say that it is the US overnight returns that aect the local markets, rather than the actual daily returns, where the overnight returns are dened as the change in price between closing on day 1 and opening on day 2. The overnight returns form the expected returns, and are reected in US daily returns on the next day. Those returns seem to aect local market returns despite the fact that local markets may close for the day before the US market opens. Similar discussion and more details on the international transmission of overnight returns can be found in Lin, Engle, and Ito (1994) , Hamao, Masulis, and Ng (1994) , and Baur and Jung (2006) .
Estimation Issues
Model 1 for US returns and for Frontier market returns can be cast as linear conditionally Gaussian state space models. An important point worth noting about Model 1 is that the state space model is not time-invariant. The 'coecient' multiplying the state variable (the TVP parameter) is current period US returns. Nonetheless, they can be easily estimated using the Kalman lter algorithm. The lter also enables estimation of the spillover parameter (the state variable) every period utilizing all available information to date. With linear Gaussian models, the Kalman lter provides the most ecient estimator. A somewhat similar model is estimated by Rockinger and Urga (2001) . With non-linear and/or non-Gaussian models, the lter is no longer optimal. Modied versions of the lter such as the extended Kalman lter are available. Detailed description of the Kalman lter and the conditions for its optimality can be found in Harvey (1989) and Hamilton (1994) .
The GARCH model of errors accounts for volatility clustering that has been well-documented in returns data. With volatility clustering, large changes tend to follow large changes, and small changes tend to follow small changes. The changes from one period to the next are typically of unpredictable sign. Large disturbances, positive or negative, inuence the magnitude of the realization of next period's disturbance through the variance term. In this way, large shocks can persist for several periods.
The GARCH model of errors however has some limitations. Although explicitly designed to model time-varying conditional variances, it fails to capture wild market uctuations (for example, crashes and bubbles) and other unanticipated events leading to structural changes. For instance, time-varying volatility spillovers depending on an underlying state variable that tracks the state of the economy have been considered (Baele 2005) . Furthermore, GARCH errors often fail to fully capture fat tails observed in asset returns (Creal, Koopman, and Lucas 2010) .
Empirical Results

Model 1 Estimates for US Returns
Maximum likelihood (ML) estimates of Model 1 for the US are presented in Table 1 . The long-run unconditional mean of returns θ is estimated to be 12.044 percent per annum, although it is not statistically signicantly dierent from zero. The unconditional mean of the time-varying coecient on lagged returns C is estimated to be -0.098. The AR parameter ρ driving this timevarying coecient is 0.948, but the standard deviation Q US of the signal shock n t driving the AR process is essentially zero, suggesting no time-variation in this parameter. The GARCH parameter a 1 is estimated to be 0.911 and the ARCH parameter a 2 to be 0.08, in line with values reported in numerous earlier studies. Table 1 also reports estimates of a restricted version of Model 1 for the US in column 3 with a US t being constant (Model 2). Thus, the restricted specication in column 3 features no time-variation in the impact of lagged returns on current mean returns. The parameter estimates and their standard errors for Model 2 reported in column 3 are largely identical to those reported for Model 1. 1 We compare Model 1 (the unrestricted model) with its restricted version using a likelihood ratio (LR) test. The test statistic is reported in the bottom row of Table 1 . Testing Model 2 against Model 1 (test for no time-variation in a US t ) results in an LR statistic of only 0.118. Constancy of a US t cannot be rejected even at large signicance levels, using critical values from the χ 2 distribution with two degrees of freedom. 2 We proceed by testing Model 2 (the unrestricted model) for homoskedasticity. The resulting large test statistic of 728.437 (details not reported) overwhelmingly rejects in favor of time-varying volatility. Thus, results of the hypotheses tests indicate that the best-tting model of US returns is the constant parameter restricted version of Model 1, referred to as Model 2 above (i.e. the GARCH model with constant a US t ). In what follows, time-varying conditional variances of US returns estimated with this model are used to estimate Model 1 (and several restricted versions) using data on Frontier market returns.
Panel 1 in Figure 1 depicts observed returns for the US along with their one-step ahead predictions using the best-tting Model 2. The gure clearly shows the unusually large uctuations in returns observed during the global nancial crisis around year 2009. The panels in Figure 2 plot US conditional volatility, as measured by the estimated standard deviation H US t in percent per annum, using Model 2 (along with the estimated conditional volatility for select Frontier countries to be discussed in Section 3.5.2). The conditional volatility ranges from a high of 1370 percent per annum in late 2008 to a low of 97 percent.
Model 1 Estimates for Frontier Market Returns
This subsection reports estimates of Model 1 for Frontier countries, applied to MSCI data ranging from December 1st, 2005 to January 15th, 2010. The parameter estimates and standard errors are reported in Table 2 . The unconditional mean of returns θ K for seven countries are estimated to be higher than the US value reported in Table 1 , with the highest value for Kazakhstan at 31 percent annualized. For seven countries, the estimated mean returns are negative, with the lowest for Sri Lanka at -10 percent annualized. Estimates of the parameter on lagged own country returns a K is positive for all Frontier markets, except Bulgaria (-0.067). The highest estimate is for Nigeria (0.443). These estimates are statistically signicant for all but three countries.
Estimates of the mean US return spillovers parameter C are positive for 17 of the 21 countries. These estimates range from a high of 0.994 for Argentina to a low of -0.022 for Jordan. These estimates are however statistically signicant for only 9 of the countries. Estimates of the AR parameter ρ governing time variation in spillovers from the US to Frontier countries are positive for 13 countries. These range from a high of 0.813 for Pakistan to a low of -0.974 for Oman. These estimates are statistically signicant for 10 countries. Estimates of the standard deviation of the signal shock n US t driving the spillover process a US t , denoted by Q US is zero for 7 countries. This essentially implies that, for these 7 countries, there is no time-variation in spillovers from the US. Except for Bulgaria, these are all countries in the Middle East (Bahrain, Jordan, Kuwait, Oman, Qatar, and S. Arabia).
Estimates of the GARCH parameter b 1 range from a high of 0.98 for Romania to a low of 0.55 for Bahrain. Estimates of the ARCH parameter b 2 range from a high of 0.21 for Mauritius to a low of 0.02 for Croatia. Estimates of the impact of current US volatility on Frontier markets volatility b 3 range from a high of 0.44 for Bahrain to a low of 0 for Slovenia, Nigeria, and Pakistan. Estimates of the impact of one-period lagged US volatility b 4 on all Frontier markets is essentially zero.
The various panels of Figure 1 plot observed returns for a few Frontier countries (selected in alphabetical order) along with their tted values derived from Model 1. 3 The gures show that for almost all countries (except Argentina and Nigeria), Model 1 captures only a small portion of the daily return uctuations.
The various panels of Figure 2 plot estimates of the standard deviations H K t from Model 1. Each panel drawn for a selected Frontier country also shows plot of the standard deviation H K t from the best-tting Model 2 for the US. The gures show that these volatilities are consistently higher for 10 Frontier countries than the US. Volatility in the US peaks in late 2008 and early 2009 coinciding with the turmoil in global nancial markets. This is replicated and/or magnied for 11 of the Frontier countries. For some countries such as Nigeria and Pakistan, the peak in volatility clearly lags that for the US. For many Frontier markets, the volatility plots show numerous episodes of volatility clusters (with smaller peaks than around late 2008-early 2009) than is evident for the US. For these countries, we expect a lower degree of comovement of conditional volatilities with the US.
The various panels of Figure 3 plot time-varying US return spillovers parameter a US t . As indicated earlier, for 7 of the countries for which Q US is estimated to be zero, the plots show a US t converging to a constant value. Because the algebraic sign of the estimate of the AR parameter ρ is negative for these countries, the convergence is oscillatory. Except for Sri Lanka, for all the remaining countries, estimates of ρare positive. For UAE, the estimates of a US t are essentially zero. Typically, the magnitude of spillovers a US t ranges between -0.5 and 0.75, with occasional spikes in both directions. Argentina is the only country with no estimated negative spillovers.
The various panels of Figure 4 plot the decomposition of Frontier country tted returns into US and local market components. Quantitatively signicant impact of US returns is found for 13 of the 21 markets. For 2 markets, Argentina and Kazakhstan, the eect of US returns is larger relative to that of lagged local returns. This implies that the evolution of returns in these countries is primarily governed by US market performance. For another set of countries, Bulgaria, Croatia, Estonia, Romania, Saudi Arabia, and Tunisia, the US component is about as important as local market component. On the other hand, returns for Jordan, Mauritius, Pakistan, Qatar, Slovenia, and Sri Lanka are dominated by the local market component. However, the impact of US returns remains strong. The remaining markets, Kenya, Kuwait, Lebanon, Nigeria, Oman, UAE, and Bahrain, are overwhelmingly dominated by the local component and the inuence from US is minimal.
The various panels of Figure 5 plot the decomposition of Frontier country estimated conditional volatility into US and local market components. 4 Quantitatively signicant impact of US volatility is found for 18 of the 21 markets, the exceptions being Kenya, Pakistan, and Sri Lanka. This eect is strongest for Romania, for which the US volatility spillover component is about as strong as the local market volatility component. For 4 markets, Bahrain, Mauritius, Romania, and Slovenia, the US volatility component is relatively large, implying that conditional volatility in these countries is strongly inuenced by US current and one-period lagged US volatility.
In summary, Model 1 estimated for Frontier countries captures only a small portion of their daily return uctuations. Most Frontier markets display volatility that is greater both in magnitude and variability relative to the US. This is expected as developing markets are considered more risky and hence are expected to exhibit greater uncertainty. Time-varying spillovers are important in 13 of the 21 Frontier countries. Quantitatively signicant impact of US returns is found for 13 of the 21 markets. Quantitatively signicant impact of US conditional volatility is found for 18 of the 21 markets.
In the next section, we formally test various restrictions on Model 1 that shed light on the economic importance of information ows emanating from the US market relative to local market feedback eects.
HYPOTHESES TESTS
This section performs several statistical tests of hypotheses of interest. Of central concern to this paper is whether the impact of spillovers from US on mean returns of Frontier markets is constant or time-varying. Accordingly, this is tested in subsection 4.1. A second interesting hypothesis, tested in sub-section 4.2, is whether there are any spillovers in volatility. Subsection 4.3 performs a joint test of the preceding two hypotheses, which is tantamount to a hypothesis of no inuence of US on Frontier markets (complete segmentation). Subsection 4.4 examines the possibility of no impact of own country variables on its mean returns and volatility. This is interpreted as a test of the hypothesis of 'complete integration' between US and Frontier markets. A summary and brief interpretation of all the results from hypothesis tests is provided in subsection 4.5.
All tests are carried out by constructing the likelihood ratio (LR) test statistics. Model 1 estimated in section 3 is the most general (unrestricted) model in all the tests. The restricted model for each hypothesis is described in the subsections below. Each restricted model is obtained by imposing suitable restrictions on the parameters of Model 1. The LR test statistic is constructed as the dierence Λ = LnL u − LnL r , where LnL u is the maximized log-likelihood value for the unrestricted model and LnL r is the corresponding value under the restrictions imposed by the null hypothesis. The resulting test statistic Λ has a χ 2 distribution with degrees of freedom equal to the number of restrictions imposed. The null hypothesis is rejected if the value exceeds the appropriate critical value.
Test results are reported in Table 3 . Values of LR test statistics are reported for each Frontier country for each hypothesis. All statistical inferences drawn below assume a ve percent signicance level. A summary of statistical inferences drawn is provided in Table 4 . Appendix A provides parameter estimates for each of the restricted models in Tables A.1-A.4. Appendix B plots gures for selected countries in Figures B1-B8 . These gures provide a comparison of own-country lagged eects versus the eects from contemporaneous and lagged US shocks on both the mean and volatility of Frontier country returns.
Test for no time-variation in spillovers in mean returns
In this subsection we examine the signicance of time-variability of US return spillovers. Because return spillovers transmit economic shocks, this claries whether the exposure of Frontier markets to economic shocks in the US uctuates over time. The issue is studied by comparing a model restricting a US t = constant with the general Model 1 estimated in Section 3 above. The specication under the null is denoted as Model 2 and can be written as follows:
Estimates of Model 2 are presented in Table A .1 in Appendix A. Estimates of the constant spillover parameter a US are reported to be similar to the values of the unconditional expectation of return spillovers c from Model 1 for Frontier countries reported earlier in Table 2 . The estimated current and lagged volatility spillover parameters b 3 and b 4 are also similar to those obtained from Model 1. Thus, information ows transmitted through volatility spillovers are not signicantly aected by the absence of time-variation in return spillovers.
LR test statistics for the null hypothesis are reported in the second column of Table 3 . Timevariability of a US t is statistically signicant (null hypothesis is rejected) for 13 countries. This indicates that time-variability of a US t conveys economically important information that is not captured by the restricted model. Thus, changing sensitivity to US economic shocks is important. The null hypothesis of constant spillovers is not rejected for all the 7 Middle-Eastern countries in our sample as well as for Pakistan. For these countries, exposure of their returns to economic shocks originating in US is constant. This might be because some of the information transmitted through return spillovers is not relevant for these countries or is already captured by volatility spillovers and GARCH eects.
The various panels of Figure B .1 in Appendix B plot the US components of Frontier country returns estimated by Models 1 and 2. The contribution of US returns estimated from Model 1 is stronger for 5 countries, namely, Bahrain, Kuwait, Nigeria, Pakistan, and UAE. Thus, for this set of countries, time-variation in mean spillovers amplies the estimated contribution of US eects on their mean returns. On the other hand, for Lebanon, Mauritius, and Slovenia, the US contribution to their mean returns is estimated to be larger from Model 2. For all other countries the US return components estimated by Models 1 and 2 are similar.
The contribution of US volatility to local market conditional volatility, estimated by Model 2 ( Figure B .2 in Appendix B) increases for 8 of the 21 markets. For the remaining 12 markets, shutting down time-variability in return spillovers results in no substantive change in the estimated impact of current and one-period lagged US volatility.
Test for no spillovers in volatility
Here we investigate the signicance of US volatility spillovers to Frontier countries. As volatility is a measure of market uncertainty, this sheds light on whether economic unrest in US is transmitted to Frontier countries through spillovers in volatility. We compare Model 1 with a version restricting b 3 = b 4 = 0. Rejecting the null hypothesis highlights the importance of information ows through volatility spillovers (Baele 2005, Bekaert and Harvey 1997 ) and the dissemination of economic disturbances across countries through this channel. The specication under the null, denoted as Model 3 in what follows, can be written as:
Estimates of Model 3 are presented in Table A .2 in Appendix A. Results indicate that the parameters c, ρ and Q US remain largely unchanged for Slovenia. But, shutting down volatility spillovers causes the unconditional expectation of US return spillovers c to increase for all Frontier countries, except Argentina, Kazakhstan, and Mauritius. The AR parameter ρ correspondingly increases for 11 countries. Only for Mauritius, c decreases while ρ increases. Estimates of the standard deviation Q US of the signal shock n US t increases for all Frontier countries, except Croatia and Romania.
LR test statistics for this hypothesis are presented in the third column of Table 3 . The null hypothesis can be rejected for 14 of the 21 Frontier countries. For the 14 countries for which volatility spillovers are found to be important, information emanating from the US and transmitted through this channel may result in increased susceptibility of these Frontier country returns to US market disturbances. For the remaining 7 countries, volatility spillovers do not represent an important channel of information ows. This could be because information transmitted through volatility spillovers is already captured by return spillovers and GARCH eects. Absence of volatility spillovers could potentially make these countries less vulnerable to turbulence originating in the US market.
The various panels of Figure B .3 in Appendix B plot the US components of Frontier country returns estimated by Models 1 and 3. The contribution of US returns estimated from Model 3 is stronger for 4 countries, namely, Kuwait, Oman, Pakistan, and Qatar. Thus, for this set of countries, shutting down volatility spillover eects from the US amplies the estimated contribution of US eects on their mean returns. This shows that information ows transmitted through mean returns now capture some of the spillovers earlier transmitted through the volatility channel. On the other hand, for Mauritius and Nigeria, the US contribution to mean returns is estimated to be actually larger from Model 1. This means that for these two countries, shutting down volatility spillovers weakens mean returns spillovers as well. For all other countries, the US components estimated by both Models 1 and 3 are similar. This means that for the bulk of the Frontier countries, information ows being transmitted from the US through mean returns and their volatility are largely orthogonal.
The contribution of lagged own country eects to local market conditional volatility, estimated by Model 3 ( Figure B .4 in Appendix B), remains largely unchanged for all of the 21 markets.
Joint test for no spillovers in mean returns and no spillovers in volatility, or Test for Complete Segmentation of US and Frontier Markets
Here, we investigate the possibility of complete segmentation of Frontier and US markets. This claries the signicance of US economic shocks and related disturbances for local markets. The analysis is done by comparing the general Model 1 estimated in Section 3 above with a model featuring no impact from US returns. Rejecting the null hypothesis conrms the importance of information ows emanating from US and refutes the hypothesis of complete segmentation. The model under the null is denoted as Model 4 and can be written as:
Model 4 estimates are reported in Table A .3 in Appendix A. Estimates of θ K increase for 14 countries. The AR parameter a K on own country lagged returns increases for 5 of these countries, as well as for 3 others. Estimates of the constant parameter in the volatility process b 0 increases for 7 countries, GARCH parameter b 1 increases for 12 countries, and the ARCH parameter b 2 increases for 14 countries.
The LR test statistics test are reported in Table 3 , under the column heading 'Model 4'. The null hypothesis is strongly rejected for all Frontier countries. This conrms the importance of information ows from US and thus the impact of economic conditions there on Frontier country nancial markets. This nding is in line with literature suggesting the importance of inter-market linkages. Inter-dependencies among countries is a factor of great importance for portfolio diversication. It is also important for determining the origin of economic crises and for designing relevant macroeconomic policies.
The various panels of Figure B .5 in Appendix B plot one-period lagged own market components of Frontier country returns estimated by Models 1 and 4. The contribution of own-country returns estimated from Model 4 is stronger only for Kazakhstan. On the other hand, for Argentina and Romania, own-country returns contribution surprisingly declines once US eects are shut down. For all other countries, own country lagged returns components estimated by Models 1 and 4 are similar, indicating orthogonality of US and lagged own-country eects on mean returns.
The contribution of local market conditional volatility, estimated by Model 4 remains largely unchanged for 19 of the 21 markets ( Figure B .6 in Appendix B). For Croatia and Romania, complete segmentation results in increased estimated impact of local markets volatility factors.
Joint test for no impact of own market lagged information, or Test for 'Complete Integration' of US and Frontier Markets
Here we investigate whether local economic shocks remain signicant, once disturbances from US are taken into account. The analysis is done by comparing the general Model 1 with a model featuring no impact of own market variables on either the mean or volatility of returns. Rejecting the null hypothesis conrms the importance of own market information ows and refutes the possibility of 'complete market integration'. 5 The model under the null is denoted as Model 5 and can be written as:
Estimates of Model 5 are reported in Table A .4 in Appendix A. Relative to Model 1, the unconditional expectation of US return spillovers c increases for 5 countries. The AR parameter estimate ρ increases for 11 countries. Estimates of the standard deviation Q US of the signal shock n US t driving the spillover process a US t increase for all countries except Romania. LR test statistics are reported in Table 3 , under the column heading 'Model 5'. The null hypothesis is overwhelmingly rejected for all Frontier countries. This conrms the importance of local market feedback eects. The LR test results here, in conjunction with those reported in subsection 4.3 above, clarify that Frontier markets are neither completely integrated nor completely segmented from the US. Such a nding is relevant for investment decisions because less than fully integrated markets lower the importance of nancial markets as a path for transmitting economic shocks across countries.
The various panels of Figure B .7 in Appendix B plot the US components of Frontier country returns estimated by Models 1 and 5. The contribution of US returns estimated from Model 5 is now stronger for 3 countries, namely, Oman, Qatar, and UAE. On the other hand, for Pakistan, US returns contribution declines once own-country lagged eects are shut down. For all other countries, US contributions estimated from Models 1 and 5 are similar. This follows from the evidence on orthogonality of US and lagged own-country eects on mean returns of Frontier countries.
Shutting down local market eects results in signicantly increased estimated impact of US current and one-period lagged volatility for all Frontier countries ( Figure B .8 in Appendix B). US volatility eects seem to be amplied in the absence of local market eects.
Summary of hypotheses tests
In the preceding sections, we investigated several statistical hypotheses of interest. First, we tested for no time-variability of US return spillovers to Frontier markets. Next, we tested for no spillovers in US volatility. This was followed by a test for complete market segmentation and, subsequently, for complete market integration. The statistical inferences from our tests for these hypotheses are summarized in Table 4 .
Statistically signicant time-variability of US return spillovers are found for 13 of the 21 frontier markets. However, the presence of time-variability amplies the quantitative impact of US returns for only 5 countries as compared to a model with constant spillovers. But, it does not aect the quantitative impact of US returns for 13 countries. Introduction of constant return spillovers does not aect the estimated contribution of US market volatility in accounting for Frontier market returns volatility for 13 markets, but increases it for the remaining.
Exploring the assumption of no US volatility eects indicates statistically signicant volatility spillovers to 14 Frontier markets. It follows that these countries are exposed to economic unrest in the US, while the remaining 7 are not as vulnerable. Shutting down volatility spillovers does not aect the contribution of US returns in accounting for Frontier country mean returns for 15 markets, but increases it for 4. The contribution of local components to Frontier market volatility remains largely unaected.
Our results strongly reject the polar null hypotheses of complete market segmentation or complete market integration. This indicates that Frontier markets are characterized as neither completely segmented from US nor completely integrated with it. Shutting down US return and volatility spillover eects completely does not change the contribution of one-period lagged local returns in accounting for Frontier country mean returns for 18 countries, and increases it for only 1 country. The contribution of local volatility eects remains largely the same for 19 countries but increases for 2. In testing for complete market integration, when all the eects from own-country returns are shut o, the contribution of US market returns in the estimated Frontier country mean returns remains largely unaected for 17 of the 21 countries, but increases slightly for 3 countries. The absence of local market eects, however, results in a quantitatively important increase in the weight of US current and one-period lagged volatility in explaining the conditional volatilities of all markets. These results from the polar null hypotheses of complete market segmentation or complete market integration indicate possible orthogonality in the contributions of current US and lagged own-country returns on Frontier countries mean returns.
We also conducted separate hypotheses tests of homoskedasticity and of time-invariance of all estimated parameters in Model 1 (not reported for brevity). Both hypotheses are overwhelmingly rejected for all Frontier countries.
DISCUSSION
The nding of statistically signicant nancial market integration between the US and Frontier countries implies inuence of US market returns and volatility on the mean and volatility of returns in Frontier countries. The greater the degree of integration, the greater the spillovers from US to Frontier markets, both in returns and volatility. Greater integration implies less country specic risk. However, this makes these countries vulnerable to recessions in the US.
Cross-border transmission of US economic shocks depends largely on the depth of economic and nancial linkages between the US and Frontier countries. Establishing deeper and more liquid capital markets with diverse institutional investors may improve the ability of local economies to withstand shocks from abroad. Literature suggests several major ways of fostering robustnancial markets (Kose 2003 , Calvo, Izquierdo, and Mejia 2008 , Reinhart 2009 ). Sound securities market infrastructure and institutions such as securities exchange and clearing systems, as well as implementation of regulatory reforms and international accounting standards, are also likely to be benecial for developing healthy capital markets.
Structural features and country-specic fragility are also key factors aecting market vulnerability to shocks from abroad. For example, macroeconomic or nancial weakness may increase susceptibility to shocks. Countries with both strong international nancial and economic linkages, and high vulnerabilities are potentially more susceptible to spillovers. Domestic macroeconomic policies such as scal, monetary and exchange rate policies can additionally inuence the impact of transmitted shocks. Higher current account and scal imbalances do little to insulate economies from transmission of turbulence. However, they may help dampen the impact on real economy. Last but not least, timely executed prudent economic policies may soften the impact of, and partly neutralize the eect of, US economic shocks.
CONCLUSIONS
In this study, we investigate whether nancial stock index returns from the US have spillover eects on the stock index returns in 21 Frontier countries, using data from December 1st, 2005 through January 15th, 2010. We investigate spillovers from the US on both the mean and timevarying volatility of Frontier country returns. We entertain the possibility of time-variation in spillover eects in mean returns by considering a time-varying parameter (TVP) model. Spillover eects in volatility are modeled by augmenting a standard GARCH(1,1) model with volatility eects stemming from current period and one-period lagged US conditional volatility.
The model can be cast into a state space form. However, it is not time-invariant as the 'coecient' multiplying the state variable (the TVP parameter) is current period US returns. The model is estimated by Kalman Filter. Several restricted versions of the general model are also estimated. Statistical tests on constancy of the mean spillovers parameter (i.e. a test for parameter constancy), tests for no spillover eects in mean returns and/or volatility, as well as other hypotheses of interest are performed. Relative contributions from US and own-country lagged eects on both mean returns and volatility of Frontier countries are explored.
Our analysis suggests that time-varying spillovers are statistically signicant for a majority of the Frontier countries studied here. This implies time-varying exposure of these countries to US economic shocks. The presence of time-variability does not, however, aect the quantitative impact of US returns for most of these countries when compared with a model with constant spillover parameter. Most Frontier markets are found to display volatility that is greater both in magnitude and variability relative to the US. This is expected as developing markets are considered more risky and hence are expected to exhibit greater uncertainty. Our TVP model detects statistically signicant volatility spillovers as well as quantitatively important impact of US conditional volatility for most of the Frontier markets. This indicates that Frontier countries are vulnerable to economic unrest in the US. However, we nd the weight of US volatility factors in the conditional volatilities of most of the Frontier markets unaected by forcing return spillovers to be constant.
Our results strongly reject the null hypotheses of complete market segmentation and complete market integration. This indicates that Frontier markets are characterized as neither completely segmented from the US nor completely integrated with it. In testing for complete market integration, when all the eects from own-country returns are shut o, the contribution of US market returns in the mean returns of most markets remains largely unaected. However, the share of US current and one-period lagged volatility in the conditional volatilities of all markets increases. The results from the polar null hypotheses of complete market segmentation or complete market integration indicate possible orthogonality in the contribution of current US and lagged own-country returns on Frontier countries mean returns.
The hypotheses of homoskedasticity and time-invariance of all estimated parameters are both overwhelmingly rejected. One line of extension of research presented in this article may be an explicit modeling of nonlinearities in the conditional mean and/or volatility relationship between US and Frontier market returns. For instance, there is literature suggesting increased spillovers during times of increased volatility (Ramchand and Susmel 1998) . Also, the GARCH model could be modied to incorporate the leverage hypothesis. A second line of extension could be a multivariate investigation of timevarying spillovers and volatility. See, for example, Creal, Koopman, and Lucas (2010) , for a recent illustration of this approach using the Student's t distribution that accounts for fat tails as well. Information contained in trading volume may also be useful in characterizing spillover eects. Geographic integration among groups of Frontier countries, such as the Middle Eastern countries, may be worth understanding (Baele 2005 ). An arguably more fruitful extension could be a theoretical exploration of the empirical relationships suggested by this study. The most general Model 1 given by: 
Standard errors are reported in parentheses below the parameter estimates. Country The table presents a summary of the statistical inferences reached on hypotheses tests reported in Table 3 . The model under the null hypothesis in each of the columns 2-5 below corresponds to that in the corresponding columns of Table 3 . The restriction being tested under each null hypothesis is noted in the header for columns 2-5. In all cases, the alternative hypothesis is Model 1. Tables A.1 -A.4 This Appendix contains parameter estimates of each of Models 2-5 for Frontier countries discussed in Section 4 in the text. This Appendix contains gures from Model 1 and each of Models 2-5 for Frontier countries discussed in Section 4 in the text. The gures provide a comparison of own-country lagged eects versus the eects from contemporaneous and lagged US shocks on both the mean and volatility of Frontier country returns. 
